the following biological and biochemical arguments to choose between some pairs of amino acids: M over I to avoid re-engineering translation initiation and due to the physicochemical similarity of isoleucine to leucine; K over N because lysine can form intramolecular salt links and act as a general base; Q over H because glutamine can both accept and donate hydrogen bonds, and to retain one amino acid with an amide side chain; and D over E because aspartate acts as a biosynthetic precursor for methionine, threonine, and lysine [Kanehisa and Goto 2000] . We chose W over C due to the following code structure argument: F (UUY) and Y (AUY) are constrained to two codons each such that either C codon (GUY) would be adjacent by point mutation to F or Y. W (UGG) is not similarly constrained, thus we chose W. We concede convincing arguments can be made for including different combinations of amino acids, but any resulting codes using codons that are nonadjacent by point mutation will have the same predicted evolutionary rate. Cys chr:1991914-1991987 (-) GCA for the base modifications used by these tRNA species: D, dihydrouridine; Y, pseudouridine; I, inosine; Q, queuosine; gluQ, glutamyl-queuosine; Um, 2'-o-methyluridine; m5U, 5-methyluridine;
s4U, 4-thiouridine; mnm5U, 5-methylaminomethyluridine; mnm5s2U, 5-methylaminomethyl-2thiouridine; cmo5U, uridine 5-oxyacetic acid; acp3U, 3-(3-amino-3-carboxypropyl)-uridine; Cm , 2'o-methylcytidine; s2C, 2-thiocytidine; ac4C, N4-acetylcytidine; m2A, 2-methyladenosine; t6A, N6threonylcarbamoyladenosine; m6t6A, N6-methyl-N6-threonylcarbamoyladenosine; ms2i6A, 2methylthio-N6-isopentenyladenosine; Gm, 2'-o-methylguanosine; m1G, 1-methylguanosine; m7G, 7-methylguanosine. We require single base changes compared to wild type sequences for 5 tRNA species (proline, alanine, arginine, isoleucine, and cysteine), highlighted in red in each case. (I is most hydrophobic, R is most hydrophilic). Codons shaded with two colors would be recognized by two tRNA species, with each color corresponding to an amino acid decoded at that codon. For these ambiguous codons the first amino acid listed corresponds to the cognate tRNA, with the second amino acid corresponding to the wobble decoding tRNA (e.g., UUU is assigned to I, but also encodes E by wobble decoding). Only 17 of 64 codons are unambiguously decoded, one of which corresponding to the termination signal.
Supplementary Figure 4: Accounting for tRNA promiscuity has a limited effect on the expected evolutionary rates of fail-safe codes. (a)
Effect of wobble decoding on RED20 and RED15. Table and mutation-distance network representations of the codes that result from considering wobble decoding (PROMISC20 resulting from RED20 and PROMISC15 resulting from RED15). Color signifies the rank-ordered hydropathy of the amino acids (I is most hydrophobic, R is most hydrophilic). Color represents P "#$%&'$ magnitude, varying from 0 (yellow) to 1 (purple). P "#$%&'$ reaches a steady state value at the limit of large t. (bolded). 81H however is only found in two of 46 variants in the multiple sequence alignment.
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